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Supplementary Tables

Supplementary Table 1A. Means and LSD values for all significant attributes in the DA of Vidal blanc wines from the first year of research.

Wine Code (VB-) 02-SE 03-SE 04-SC 06-SC 07-SC 09-SE 10-NW  14-SE 16-NW  18-SE 25-NY  26-VA  LSD

Aromas

Apple 1.86 161 2.37 1.76 141 2.36 2.20 2.33 1.86 1.96 1.63 2.50 0.73
Pear 1.26 1.28 1.86 0.80 0.90 1.36 1.37 1.26 1.10 1.13 1.05 157 0.60
Stonefruit 1.08 0.96 0.64 112 0.94 0.88 154 0.52 1.17 0.88 1.00 0.87 0.53
Oxidized 2.84 1.87 1.66 2.20 1.95 2.25 1.70 2.00 2.39 2.05 2.24 2.19 0.69
Chemical 2.25 1.45 1.71 1.13 1.68 1.37 1.12 1.25 1.24 1.36 1.36 1.61 0.63
Canned Vegetable 1.22 0.88 0.29 111 0.51 0.59 0.71 1.10 0.80 0.59 1.47 0.49 0.61
Flavors

Pear 1.02 1.25 1.44 0.60 0.45 1.01 1.41 1.11 1.12 0.38 0.67 121 0.51
Grape 1.83 2.26 2.18 1.57 1.60 2.30 2.47 2.29 2.47 1.37 1.61 2.00 0.57
Mixed Fruit 0.88 1.04 0.87 0.56 0.51 1.01 1.19 1.09 1.16 0.30 0.74 0.64 0.74
Citrus 0.93 0.49 1.03 1.36 1.32 0.38 0.65 0.55 0.71 1.80 1.12 0.92 0.55
Honey 1.28 1.68 1.39 1.04 0.87 181 1.43 1.76 1.34 0.69 1.00 1.33 0.52
Oxidized 2.73 1.99 2.22 2.58 2.08 1.74 1.69 1.58 1.77 2.50 231 217 0.62
Chemical 2.73 1.99 2.22 2.58 2.08 1.74 1.69 1.58 1.77 2.50 231 217 0.66
Tastes & Mouthfeels

Sweet 2.07 4.07 3.35 1.74 1.74 5.00 4.36 4.98 4.12 1.36 2.36 2.63 0.88
Sour 3.56 1.68 2.63 3.87 3.67 1.63 1.94 1.54 2.04 4.27 3.47 3.29 0.93
Bitter 2.36 0.91 1.11 251 2.79 0.83 1.08 0.57 1.17 2.50 1.78 1.64 0.95
Astringent 3.80 231 2.70 341 3.54 1.61 2.16 143 2.33 3.26 3.02 3.22 0.72
Warm/Hot 481 3.56 3.62 3.88 4.22 3.69 3.59 2.67 3.50 4,01 3.78 4.36 0.80

Supplementary Table 1B. Means and LSD values for all significant attributes in the DA of Riesling wines from the first year of research.

Wine Code (RI-) 01-NW  05-NC 08-NW  11-SE 12-SC 13-SE 15-NW  17-SE 19-NW  20-NE 21-NE 22-SC 23-SE 24-NY 27-WA  LSD
Aromas

Apple 1.74 191 1.99 212 1.40 2.34 1.64 1.50 197 2.34 142 155 1.08 2.02 1.69 0.60
Grape 1.79 1.53 1.99 1.71 1.96 1.80 2.09 1.25 2.00 1.68 1.34 1.15 0.79 2.03 1.68 0.53
Stonefruit 1.26 0.49 0.83 121 0.95 0.81 143 0.88 1.00 0.89 0.74 0.85 0.58 1.16 0.99 0.49
Citrus 0.68 0.55 0.63 0.76 0.44 1.03 1.02 0.82 0.86 0.63 0.63 0.42 0.41 0.74 0.45 0.44
Honey 1.10 0.79 141 1.31 1.01 0.96 1.16 0.85 0.98 1.13 0.81 0.95 0.51 1.09 1.03 0.37
Oxidized 2.00 2.74 2.03 211 171 1.96 1.94 2.37 1.86 2.34 1.87 2.97 2.89 2.14 1.89 0.60
Ethanol 2.32 2.36 1.94 1.72 2.05 2.47 171 2.61 1.84 2.03 1.59 1.50 2.47 1.80 2.06 0.62
Chemical 1.36 1.63 1.08 0.71 0.98 1.88 0.95 2.33 117 1.31 1.23 0.97 3.09 1.09 1.07 0.72
Canned Vegetable 0.37 1.04 0.36 0.42 0.34 0.50 0.60 0.91 0.44 0.46 0.76 1.05 0.56 0.33 0.30 0.40
Woody 0.57 0.73 0.54 0.68 0.80 0.55 0.62 1.00 0.68 0.40 0.69 0.78 0.69 0.39 0.54 0.31
Flavors

Grape 1.74 1.50 2.61 191 159 1.78 2.10 1.79 2.32 2.23 1.73 1.76 0.70 2.31 2.09 0.52
Citrus 1.80 1.16 0.62 1.66 1.46 1.70 1.15 1.63 0.96 1.22 1.32 0.75 191 1.00 0.85 0.56
Honey 0.96 0.76 1.74 0.73 0.54 0.94 1.37 1.28 1.35 1.02 0.74 1.28 0.46 1.29 0.99 0.38
Oxidized 2.32 2.50 1.45 213 212 2.30 2.01 2.26 154 2.13 2.07 2.39 2.36 1.69 2.10 0.53
Chemical 1.20 1.88 0.69 1.27 1.29 1.32 1.05 1.43 0.84 1.01 1.30 1.16 2.36 1.32 111 0.43
Canned Vegetable 0.19 0.50 0.10 0.12 0.14 0.15 0.14 0.43 0.09 0.10 0.29 0.36 0.42 0.09 0.08 0.24

Tastes & Mouthfeels

Sweet 1.74 1.83 4.89 2.03 1.72 2.40 3.51 2.81 4.20 3.93 2.66 3.69 1.19 3.71 3.66 0.67
Sour 3.82 3.11 1.48 3.34 3.65 3.60 2.03 3.19 161 2.70 2.68 244 451 2.58 2.52 0.76
Bitter 1.84 1.74 0.47 1.64 2.20 1.98 0.93 1.65 0.43 0.79 1.70 0.99 3.05 1.04 0.84 0.70
Astringent 3.63 3.27 1.88 3.16 3.21 3.50 2.55 343 2.03 2.62 2.73 2.46 3.77 243 2.67 0.67

Warm/Hot 373 365 256 374 387 410 356 405 256 329 341 384 417 363 385  0.70




Supplementary Table 1C. Means and LSD values for all significant attributes in the DA of Vidal blanc wines from the second year of research.

Wine Code (VB-)  01- 02- 03- 04- 05- 06- 07- 08- 09- 10- 11- 12- 13- 14- 15- 16- 17- 18- 19- 20- 21- LSD
SE SE SW SC SC SC SW SE SE SE NW SC NwW NW NW SC SC NY VA NJ SE
Attributes
Aromas
Citrus 1.71 241 2.24 1.79 1.24 1.50 1.29 161 2.25 1.92 1.79 2.10 1.41 1.72 2.48 2.02 1.78 2.01 2.06 1.04 1.94 0.65
Stonefruit 2.00 1.44 1.39 2.20 1.60 2.01 1.20 1.34 3.48 1.34 181 1.92 1.80 1.69 1.75 2.03 2.08 211 1.84 111 1.46 0.81
Apple 1.83 131 1.50 154 1.02 1.86 1.18 1.35 1.87 1.63 2.17 1.64 1.43 1.49 1.63 1.32 2.29 2.19 2.02 0.86 1.13 0.71
Mix Fruit 2.13 1.86 1.81 1.78 131 2.25 1.06 1.18 2.68 1.77 1.49 1.69 2.17 217 1.37 2.51 1.79 1.83 1.47 0.77 1.44 0.85
Canned Vegetable  2.21 1.04 2.24 1.82 3.13 2.09 3.13 2.34 0.98 1.79 1.34 1.37 1.49 1.44 2.35 1.49 131 0.92 1.62 3.42 1.84 0.75
Soil/Mushroom 1.45 0.67 1.41 2.01 2.79 1.59 3.66 211 0.43 1.76 1.25 1.30 1.26 1.25 2.06 1.14 1.14 0.96 1.48 3.81 1.79 0.75
Chemical 1.96 2.56 2.69 221 2.35 1.81 2.57 2.99 1.73 2.87 2.44 2.26 2.13 1.61 271 2.51 2.58 2.00 2.83 2.18 2.93 0.75
Honey 1.92 1.45 1.75 1.74 1.29 2.26 1.14 1.18 2.30 2.02 1.63 2.06 2.79 1.57 1.77 1.93 1.73 154 1.10 0.73 1.69 0.73
Floral 1.61 453 3.51 1.56 141 2.05 1.91 1.50 213 2.29 245 2.31 1.84 1.86 2.34 2.01 2.16 1.99 1.70 1.03 2.09 0.81
Grape 1.49 1.82 2.13 1.88 1.08 2.03 0.90 1.58 2.50 1.42 2.22 1.18 3.20 2.04 1.33 2.00 2.25 2.58 1.36 0.83 1.38 0.76
Anise 0.54 0.69 0.54 0.83 0.51 0.77 0.61 0.70 1.29 0.60 0.82 1.46 1.47 0.44 0.85 0.61 041 0.32 0.34 0.58 0.48 0.50
Brothy 0.88 0.46 0.85 0.72 144 0.87 1.56 0.97 0.43 0.87 0.78 0.60 0.55 0.74 0.84 0.55 0.69 0.45 0.92 151 0.69 0.49
Sulfur 0.84 0.40 0.33 0.87 1.89 0.81 1.58 1.07 0.21 0.55 0.61 0.58 0.43 0.72 1.26 0.50 0.35 0.51 1.40 2.27 0.63 0.57
Flavors
Citrus 3.01 3.06 2.68 2.62 2.35 1.89 271 2.32 2.32 1.90 1.78 2.52 1.82 2.06 248 2.84 2.67 1.94 2.59 2.20 2.33 0.59
Stonefruit 1.23 1.00 1.18 1.94 1.63 1.59 0.74 1.20 2.93 1.62 1.56 1.10 2.00 1.33 1.61 1.01 1.29 1.29 1.67 0.61 1.76 0.68
Pear 1.30 1.67 161 1.80 1.33 2.37 1.24 1.85 2.09 211 211 1.05 2.15 1.94 1.99 1.31 1.53 1.88 1.73 0.86 2.06 0.69
Apple 2.93 2.30 2.45 2.37 212 1.90 2.01 2.55 1.94 1.66 1.99 1.18 1.68 213 2.10 2.60 3.01 2.46 3.35 1.40 1.67 0.82
Mixed Fruit 1.19 0.99 1.08 1.47 1.37 2.40 0.66 1.39 2.84 2.59 2.08 0.90 251 2.04 1.84 0.95 0.89 1.25 1.23 0.50 2.54 0.76
Canned Vegetable  0.94 117 1.73 0.94 1.30 1.08 1.86 1.40 0.70 0.43 0.70 1.06 0.73 0.65 0.99 1.21 0.86 0.96 0.89 1.83 0.88 0.53
Soil Mushroom 1.14 0.86 0.94 1.05 1.19 0.91 1.77 1.46 0.49 1.01 0.69 1.46 0.84 0.79 0.69 0.80 0.97 0.60 0.56 2.53 0.82 0.62
Wood 0.89 0.95 0.67 0.68 1.05 0.96 1.23 0.84 0.38 0.67 0.95 1.56 0.71 0.52 0.82 0.62 0.44 0.81 0.71 1.38 0.81 0.52
Chemical 2.19 3.26 2.54 2.12 3.19 2.06 2.67 2.48 1.63 2.26 1.83 2.74 221 2.00 2.30 2.72 2.64 221 2.48 291 2.78 0.70
Honey 0.98 1.06 151 1.81 1.71 3.00 0.85 1.93 2.33 3.70 3.20 1.03 2.98 249 2.63 1.16 1.18 0.99 1.38 0.51 2.88 0.68
Floral 1.58 4.05 2.56 1.34 1.46 1.59 1.62 1.52 1.92 181 1.82 1.94 181 1.24 1.86 1.43 1.52 161 1.56 0.74 1.79 0.70
Ethanol 2.80 291 2.47 2.76 3.54 2.05 2.66 2.69 2.36 2.16 2.54 3.11 2.19 2.57 2.34 2.94 3.55 2.77 2.63 2.80 2.78 0.72
Oxidized 2.46 2.16 213 1.79 1.63 1.27 2.46 2.08 1.83 1.69 2.28 2.28 1.73 2.23 2.20 214 1.92 1.64 1.50 2.08 1.49 0.59
Grape 1.46 1.26 1.90 2.34 1.33 2.25 1.24 212 2.25 2.06 2.74 0.95 3.42 2.20 2.47 1.34 1.48 1.75 1.96 0.82 217 0.68
Anise 0.36 0.63 0.57 0.63 0.54 0.67 0.65 0.56 0.84 0.60 0.52 1.32 1.01 0.28 0.38 0.48 0.57 0.37 0.38 0.71 0.33 0.44
Brothy 0.99 0.75 0.53 0.67 0.91 0.63 1.10 0.90 0.43 0.51 0.46 0.98 0.36 0.53 0.50 1.23 0.62 1.04 0.72 1.66 0.32 0.51
Sulfur 0.73 0.70 0.52 0.48 0.84 0.49 0.91 0.64 0.20 0.34 0.35 0.51 0.24 0.47 0.50 0.52 0.61 0.39 0.48 1.80 0.49 0.48
Tastes &
Mouthfeels
Sweet 1.82 2.13 3.79 4.38 3.91 5.49 2.30 3.99 5.83 6.79 6.63 1.95 6.48 5.10 6.28 1.88 2.69 2.02 4.27 1.90 6.34 0.79
Sour 5.96 5.16 4.83 4.95 4.28 3.73 5.69 4.66 3.46 3.12 2.95 5.21 3.22 3.88 3.76 5.58 4.46 454 4.44 4,74 3.19 0.81
Bitter 3.69 3.34 2.98 291 3.04 2.09 3.97 2.77 2.21 1.70 1.67 3.96 1.96 1.87 2.24 3.30 3.59 2.89 2.39 4.25 1.97 0.90
Viscous 1.84 2.03 1.67 1.67 1.79 1.76 1.84 212 1.98 221 2.26 1.84 2.29 1.56 1.95 1.89 1.92 1.69 1.54 1.95 2.38 0.47
Astringent 4.04 3.93 3.84 3.79 4.03 2.36 3.72 3.58 331 3.14 3.38 3.83 3.17 3.11 2.99 434 451 3.63 3.98 4,14 2.89 0.70
Warm/Hot 4,16 417 3.80 3.98 4.69 3.29 4,10 3.81 3.62 3.45 3.78 3.99 341 3.08 3.11 4.36 4.40 3.45 3.98 4.18 3.64 0.68




Supplementary Table 1D. Means and LSD values for all significant attributes in the DA of Riesling wines from the second year of research.

Wine Code (RI-) 01- 02- 03- 04- 05- 06- 07- 08- 09- 10- 11- 12- 13- 14- 15- 16- 17- 18- 19- 20- 21- 22- LSD
NW NW  SE NW NW  SE SE SE SE NE SC SC SE NC SC NW NC SE NW  SE NY WA
Attributes
Aromas
Citrus 156 119 145 118 165 203 183 139 143 156 161 166 211 140 120 178 127 150 213 104 182 171 0.63
Pear 210 227 119 205 207 211 149 189 120 173 133 147 188 091 154 193 304 233 174 105 128 217 0.84
Apple 142 132 120 133 191 172 145 192 104 126 157 141 178 134 101 181 298 226 198 090 135 194 0.76
Canned Vegetable 211 289 454 260 179 183 201 138 18 179 242 239 145 260 245 145 117 216 154 372 231 082 0.83
Soil/Mushroom 139 163 356 223 176 182 155 147 252 189 188 221 144 189 293 133 111 154 122 368 229 0.83 0.87
Woody 115 113 136 154 09 089 09 093 134 135 161 134 08 118 141 106 070 090 061 190 134 0.89 0.65
Floral 290 151 141 213 200 181 231 163 181 173 149 179 303 203 191 200 184 142 224 128 169 263 0.85
Ethanol 182 241 144 211 243 297 214 201 192 282 274 263 241 241 212 267 226 267 298 193 230 335 0.88
Oxidized 194 211 303 252 210 180 233 28 173 131 151 197 165 19 184 193 233 293 168 213 210 1.36 0.88
Grape 146 153 063 144 172 139 201 216 157 169 161 143 154 124 143 254 250 230 18 113 195 241 0.80
Anise 089 176 102 038 050 032 138 048 051 037 073 049 058 098 064 050 066 064 051 056 064 045 0.54
Brothy 092 108 143 08 071 083 08 091 094 068 079 098 067 103 105 073 051 108 077 201 099 048 0.49
Bready/Yeasty 102 138 224 110 095 100 106 146 154 104 127 134 09 174 134 097 069 135 067 145 097 0.76 0.57
Sulfur 095 072 143 101 068 099 111 09 092 110 103 128 040 088 112 055 055 061 064 223 121 047 0.60
Flavors
Citrus 217 251 220 222 344 318 182 231 258 228 28 244 329 167 236 211 192 324 29 302 274 248 0.66
Stonefruit 132 087 098 144 097 122 178 108 073 153 110 174 068 19 121 134 122 066 095 089 114 111 0.66
Pear 226 161 103 248 171 225 224 177 108 221 137 176 088 204 157 191 235 125 120 099 101 201 0.78
Apple 254 242 194 275 356 319 172 294 238 275 309 260 269 132 243 172 330 363 299 214 277 3.04 0.88
Mixed Fruit 195 164 074 084 059 072 293 086 069 163 089 129 062 315 115 220 129 089 094 049 090 0.89 0.73
Canned Vegetable 1.01 191 411 115 122 098 091 122 116 067 099 174 136 074 139 060 140 143 104 246 151 0.75 0.67
Soil/Mushroom 114 148 275 103 106 08 088 108 158 103 105 110 101 053 201 063 110 101 091 227 146 063 0.66
Chemical 244 360 283 196 245 233 187 276 339 198 361 283 329 191 219 212 205 291 297 287 262 236 0.82
Honey 158 133 055 199 108 115 374 172 08 278 103 160 104 448 155 283 166 064 112 093 104 172 0.66
Ethanol 230 261 139 209 286 304 189 213 260 215 270 307 224 249 261 308 197 279 319 251 238 313 0.83
Oxidized 189 207 293 194 169 193 215 298 189 154 162 231 179 127 210 173 217 260 198 205 207 144 0.79
Grape 154 138 083 171 140 161 258 147 113 233 131 140 143 256 182 231 246 165 162 136 177 231 0.74
Anise 050 100 121 036 031 031 114 050 068 041 062 034 046 072 053 043 048 057 042 046 045 047 0.47
Brothy 082 092 130 071 059 113 044 087 084 050 066 056 055 051 09 065 072 108 089 129 064 1.05 0.47
Bready/Yeasty 090 105 170 065 058 098 056 099 117 078 128 076 071 084 099 092 085 106 084 140 091 071 0.46
Sulfur 048 083 121 034 053 056 042 062 08 046 049 09 059 049 104 033 039 068 071 125 071 0.28 0.48
Tastes &
Mouthfeels
Sweet 503 258 191 449 251 335 705 283 212 588 243 39 225 790 343 59 479 168 274 191 235 510 0.74
Sour 368 456 631 430 584 543 270 468 468 412 558 432 552 261 509 363 355 6.27 547 6.01 519 422 0.84
Bitter 200 349 364 197 310 280 155 307 350 185 348 341 347 136 225 214 177 433 301 406 423 199 0.85
Viscous 223 193 223 214 176 173 246 197 172 204 204 228 183 264 183 202 176 188 160 191 179 171 0.47
Astringent 299 454 321 344 435 420 261 411 455 391 441 458 421 253 362 354 355 517 403 440 449 398 0.75
Warm/Hot 334 424 265 327 426 408 336 416 449 352 418 512 404 352 363 366 342 421 394 403 432 370 0.71




Supplementary Table 2A. Chemistry data along with GDD (from nearest NEWA station) for the Vidal blanc (VB) and Riesling (RI) wines in the first year.

Alcohol (%) pH  TA(g/L) Fermentable Sugar (g/L)  Malic Acid (g/L) VA (g/L) Free SO2 (mg/L)  Total SO2 (mg/L) GDD

VB-10-NW 114 3.44 6.3 411 25 0.19 11 69 3029.2
VB-16-NW 12.0 341 6.8 36.6 19 0.19 29 89 3051.2
VB-02-SE  13.9 335 6.9 14.9 2.5 0.50 <5 32 2700.0
VB-03-SE  12.3 346 54 35.6 1.6 0.29 <5 24 3008.5
VB-09-SE  12.9 368 5.8 50.3 2.2 0.33 11 60 3224.2
VB-14-SE 9.8 341 8.0 51.2 3.3 0.42 39 173 3224.2
VB-18-SE 114 339 76 0 3.0 0.24 51 150 3982.0
VB-04-SC  12.0 342 6.8 32.3 2.6 0.29 17 140 3449.5
VB-06-SC 124 325 75 6.3 2.3 0.40 12 59 3880.0
VB-07-SC  12.2 335 64 3.5 21 0.30 45 94 3995.0
VB-25-NY  12.0 340 73 19.7 25 0.36 17 66 2853.7
VB-26-VA 13.1 327 73 20.4 1.9 0.18 11 65 3577.0
RI-01-NwW 117 307 64 5.8 2.5 0.50 22 100 3029.2
RI-08-NW 9.6 337 64 43.6 2.1 0.39 14 144 3102.7
RI-15-NW 128 333 6.2 32.7 15 0.32 <5 63 2794.7
RI-19-NW 9.7 333 6.5 30.7 2.2 0.37 21 205 3102.7
RI-11-SE 11.8 333 6.6 6.9 2.2 0.39 17 26 3224.2
RI1-13-SE 12.6 308 74 15.0 2.1 0.45 20 60 3224.2
RI-17-SE 13.0 319 69 23.2 1.6 0.27 65 211 37475
RI1-23-SE 12.3 295 7.1 0 0 0.40 <5 <5 4155.0
RI-12-SC 11.6 324 6.3 1.2 1.6 0.35 25 136 328.3
R1-22-SC 12.3 308 78 335 1.8 0.26 11 67 3604.2
RI1-05-NC 12.1 321 64 4.2 1.6 0.38 16 133 3298.0
R1-20-NE 10.9 293 81 38.5 1.0 0.21 10 61 3279.5
RI-21-NE 11.8 336 57 151 1.2 0.21 14 44 3279.5
RI-24-NY 11.4 310 79 21.3 1.4 0.40 8 94 27443

RI-27-WA  12.2 323 7.0 18.4 2.0 0.16 11 60 1069.0




Supplementary Table 2B. Chemistry data along with GDD (from nearest NEWA station) for the Vidal blanc (VB) and Riesling (RI) wines in the second year.

Alcohol pH TA Fermentable Sugar  Malic Acid VA Free SO2 Total SO2 GDD

(%) (L) (L) (g/L) (/L)  (mg/L) (mg/L)
VB_11 NW 113 327 56 39.7 1.31 0.21 27 89 3010.8
VB_13 NW 112 343 6.0 334 1.82 0.29 4 101 3010.8
VB_14 NW 110 334 56 223 1.33 0.25 7 43 3010.8
VB_15 NW 105 340 6.8 311 221 0.34 37 171 2931.6
VB_01_SE 120 3.46 8.0 6.2 351 0.22 20 168 39535
VB_02_ SE 121 378 53 7.4 0.86 0.40 40 115 3239.2
VB_08 SE 114 334 59 24.3 0 0.42 16 58 3239.2
VB_09 SE 116 350 538 31.0 1.97 0.32 8 49 2952.5
VB_10_ SE 109 342 65 474 2.27 0.19 24 86 3611.0
VB_21 SE 115 380 5.7 34.1 1.64 0.30 45 144 3239.2
VB_04 SC 108 331 72 238 2.65 0.24 9 69 3806.0
VB_05 SC 136 327 6.0 17.0 1.22 0.28 41 113 3995.0
VB_06_SC 107 338 54 31.0 1.42 0.21 6 61 3476.7
VB_12_.SC 118 368 6.5 11.4 2.74 0.28 14 56 3806.0
VB_16_SC 128 340 75 5.8 2.43 0.40 16 98 3806.0
VB_17_SC  13.0 319 6.2 6.7 0.79 0.30 12 60 3995.0
VB_03_SW 109 337 7.0 19.2 243 0.35 21 204 2701.5
VB_07_SW 110 330 75 12.0 2.20 0.29 30 137 35945
VB_18 NY 112 327 65 15.0 1.99 0.23 21 50 3059.4
VB_19 VA 120 311 74 19.6 1.41 0.23 12 68 3337.0
VB_20_NJ 10.9 351 6.0 5.6 2.02 0.29 28 128 3665.0
RI_01_NW 11.0 334 6.2 26.7 2.16 0.27 30 158 3010.8
RI_02_NW 11.9 328 538 29 1.62 0.27 18 66 3010.8
RI_04_NW 10.6 326 6.9 20.1 2.33 0.30 20 151 3010.8
RI1_05_NW 10.8 318 6.7 7.3 1.59 0.24 31 69 2931.6
RI_16_NW 12.2 316 6.4 31.6 1.84 0.19 <5 67 3102.7
RI_19_NW 12.6 314 70 6.4 1.29 0.43 17 141 3010.8
RI_03_SE 7.6 340 71 4.8 0 0.46 <5 <10 4084.5
RI_06_SE 11.2 359 7.0 7.0 3.70 0.24 32 67 3239.2
RI1_07_SE 11.4 341 538 42.0 0.69 0.41 22 122 3239.2
RI1_08_SE 11.9 3.48 6.3 8.6 2.00 0.39 <5 117 3982.0
RI_09_SE 115 348 5.6 52 2.17 0.26 21 86 3224.2
RI_13_SE 111 356 6.6 8.9 2.62 0.36 31 123 3239.2
RI_18 SE 10.1 317 7.8 3.1 2.80 0.31 <5 52 3953.5
RI1_20_SE 114 32 72 6.5 1.96 0.26 28 74 3239.2
RI_11_SC 111 321 6.9 8.6 1.97 0.26 20 82 3261.3
RI_12_SC 134 329 7.0 155 1.86 0.30 42 147 3806.0
RI_15_SC 10.6 318 6.9 22.8 1.79 0.25 13 65 3476.7
RI_14_NC 111 337 538 60.8 1.06 0.31 36 89 3261.3
RI_17_NC 114 336 59 21.3 2.19 0.24 <5 33 3261.3
RI_10_NE 104 296 7.9 30.6 1.66 0.23 26 74 3141.0
RI_21_NY 12.3 317 74 6.8 2.02 0.32 18 124 2573.2

RI_22_WA 11.7 301 73 174 0.76 0.27 26 94 1135.0




Supplementary Table 3A. Vidal blanc Year 1 PLSR attribute variance explained cumulatively by the first and second
components.

Attributes Dim. 1 Dim. 2 Cumulative
Apple Aroma 14.0 8.2 22.2
Pear Aroma 19.1 0.0 19.2
Stonefruit Aroma 0.1 20.0 20.1
Oxidized Aroma 5.5 22.0 27.6
Chemical Aroma 6.5 20.8 27.4
Canned Vegetable Aroma 0.2 4.0 4.2
Pear Flavor 46.2 2.0 48.2
Grape Favor 73.6 0.0 73.6
Mixed Fruit Flavor 75.8 1.0 76.8
Citrus Flavor 77.3 4.9 82.2
Honey Flavor 71.2 1.0 72.1
Oxidized Flavor 59.8 13.9 73.7
Chemical Flavor 28.5 49.2 7.7
Canned Veggie Flavor 32.0 4.2 36.1
Sweet Taste 88.8 2.3 91.1
Sour Taste 87.8 0.7 88.6
Bitter Taste 82.9 3.4 86.3
Astringent Mouthfeel 77.8 14.2 92.0
Warm/Hot Mouthfeel 35.9 415 77.4

Supplementary Table 3B. Riesling Year 1 PLSR attribute variance explained cumulatively by the first and second
components.

Attributes Dim. 1 Dim. 2 Cumulative
Apple Aroma 15.6 25 18.1
Grape Aroma 31.6 11.2 42.8
Stonefruit Aroma 6.4 29 9.3
Citrus Aroma 39 1.6 55
Honey Aroma 41.9 11 43.0
Oxidized Aroma 174 28.6 46.0
Ethanol Aroma 23.0 3.2 26.2
Chemical Aroma 39.8 34 43.1
Canned Vegetable Aroma 3.8 3.1 6.9
Woody Aroma 43 17.2 215
Grape Flavor 78.4 0.5 78.9
Citrus Flavor 62.4 6.9 69.4
Honey Flavor 59.6 45 64.1
Oxidized Flavor 60.4 0.2 60.5
Chemical Flavor 77.4 0.1 775
Canned Vegetable Flavor 28.8 0.1 28.9
Sweet Taste 78.2 16.4 94.6
Sour Taste 85.9 24 88.4
Bitter Taste 83.2 6.0 89.2
Astringent Mouthfeel 80.7 6.7 87.4

Warm/Hot Mouthfeel 74.1 0.0 74.1




Supplementary Table 3C. Vidal blanc Year 2 PLSR attribute variance explained cumulatively by the first and second
principle components.

Attributes Dim. 1 Dim.2  Cumulative
Citrus Aroma 0.9 2.7 3.6
Stonefruit Aroma 1.2 26.8 27.9
Apple Aroma 5.2 294 34.6
Mixed Fruit Aroma 1.3 18.7 20.0
Canned Vegetable Aroma 8.2 12.6 20.8
Soil/Mushroom Aroma 5.6 7.9 13.6
Chemical Aroma 1.2 22.4 23.6
Honey Aroma 10.0 5.7 15.7
Floral Aroma 0.6 18.1 18.7
Grape Aroma 16.9 13.9 30.7
Anise Aroma 6.5 1.0 7.6
Brothy Aroma 6.6 4.7 11.2
Sulfur Aroma 7.6 3.1 10.8
Citrus Flavor 63.2 3.0 66.2
Stonefruit Flavor 28.3 4.3 32.6
Pear Flavor 73.0 0.2 73.2
Apple Flavor 22.6 17.4 39.9
Mixed Fruit Flavor 64.5 0.0 64.5
Canned Vegetable Flavor 23.8 111 35.0
Soil Mushroom Flavor 14.6 2.7 17.2
Wood Flavor 74 7.9 15.3
Chemical Flavor 39.2 22.6 61.8
Honey Flavor 68.8 0.8 69.6
Floral Flavor 0.2 21.0 21.2
Ethanol Flavor 52.1 0.0 52.1
Oxidized Flavor 4.8 04 53
Grape Flavor 60.3 0.8 61.2
Anise Flavor 0.0 3.7 3.7
Brothy Flavor 45.0 0.5 455
Sulfur Flavor 24.4 7.6 32.0
Sweet Taste 71.0 15 72.5
Sour Taste 73.7 0.9 74.5
Bitter Taste 73.0 0.0 73.0
Viscous Mouthfeel 10.2 22.7 32.9
Astringent Mouthfeel 69.4 7.6 77.0

Warm/Hot Mouthfeel 65.6 0.0 65.6




Supplementary Table 3D. Riesling Year 2 PLSR attribute variance explained cumulatively by the first and second principle
components.

Attributes Dim. 1 Dim. 2 Cumulative
Citrus Aroma 0.1 6.4 6.5
Pear Aroma 2.0 5.8 7.7
Apple Aroma 14 0.8 2.2
Canned Vegetable Aroma 8.8 21.2 30.0
Soil/Mushroom Aroma 11.7 8.7 20.4
Woody Aroma 0.3 0.0 0.3
Floral Aroma 25.3 2.8 28.1
Ethanol Aroma 2.1 31.3 335
Oxidized Aroma 175 28.1 45.6
Grape Aroma 2.2 8.7 11.0
Anise Aroma 39 20.2 24.2
Brothy Aroma 9.4 5.6 15.0
Bready/Yeasty Aroma 5.6 40.3 45.9
Sulfur Aroma 2.3 1.4 3.7
Citrus Flavor 38.5 27.6 66.1
Stonefruit Flavor 55.3 3.7 59.1
Pear Flavor 30.6 0.0 30.6
Apple Flavor 28.2 25.8 54.0
Mixed Fruit Flavor 62.2 14.4 76.6
Canned Vegetable Flavor ~ 33.1 20.9 53.9
Soil/Mushroom Flavor 27.8 12.9 40.8
Chemical Flavor 27.0 4.7 31.8
Honey Favor 71.6 9.3 80.9
Ethanol Flavor 0.9 47.9 48.8
Oxidized Flavor 39.9 14.0 53.9
Grape Flavor 48.4 0.4 48.8
Anise Flavor 0.0 55.9 55.9
Brothy Flavor 37.7 0.6 38.3
Bready/Yeasty Flavor 33.6 13.0 46.6
Sulfur Flavor 24.0 3.8 27.8
Sweet Taste 76.0 4.8 80.8
Sour Taste 79.0 2.0 81.0
Bitter Taste 58.3 5.4 63.6
Viscous Mouthfeel 27.0 30.0 57.0
Astringent Mouthfeel 41.0 37.1 78.1

Warm/Hot Mouthfeel 2.4 46.2 48.6




APPENDIX B

Can Pennsylvanian Wine Professionals Identify Regional Differences in Pennsylvanian White Wines? A
Study using Free Sorting.

Introduction

Region of origin has been used to differentiate wines for centuries. Perhaps because of this, wine
consumers consider region-of-origin texts displayed on labels an important part of the selection process
(Thach 2008), and many wine stores segregate their selections based on regions of origin.

Differences between regions are often attributed to climate and local terrain, but can also be
enforced through governmental regulations that often regulate winemaking processes. Winemaking
techniques are a fundamental factor in affecting the sensory profile of wine, and thus, also contribute to
differences in wine sensory regionality. In locations where governments do not regulate winemaking
processes, the winemakers themselves become the gatekeepers of characteristic and distinct regional
profiles. Therefore, it is important to understand how well these wine professionals can identify the
regional wine profiles that they uphold. Past literature has confirmed that wine professionals (i.e.
winemakers, enologists, sommeliers, etc.) can group wines by general regional characteristics, as shown
for New Zealand, French, and Austrian Sauvignon blanc and New Zealand Pinot noir wines (Green et al.
2011, Parr et al. 2015, Tomasino et al. 2013).

In Pennsylvania, recent research shows that some PA-grown wines exhibit sensory regionality, and
that these profiles seem to be mainly affected by post-harvest processing and winemaking styles (see
Chapter 2). Based on these results collected by a trained descriptive analysis panel, it is important to test
if these differences in sensory regionality of commercial PA-grown white wines would also be identified
by PA wine professionals themselves.

Free sorting is a sensory task where individuals group a set of samples by similarity, making
judgements based on the perceived similarities and differences between each object in the set. This task
is conceptually simple; no prior training except for a brief introduction to the task is needed. Free sorting
has been shown to provide similar results comparable to classical descriptive analyses (Cartier et al.
2006). In wine, this method has been used multiple times while working with wine experts (Ballester et
al. 2008, Hopfer and Heymann 2014, Parr et al. 2010, Schlich et al. 2015). In addition to the grouping
based on similarity, individuals are often asked to name each group or sample, which provides further
insight into the perceived characteristics of the samples at hand. Another benefit of using free sorting
with product experts in general is the anecdotal evidence that professionals within a field are difficult to
re-train in a classical descriptive analysis due to their specific vocabulary. Free sorting allows such
individuals to use their knowledge to group samples without any additional training, while providing
insight into perceived differences between samples.

There has been much work comparing novice consumers and experts’ abilities to discriminate
between the same set of products. For a complete review of the literature on expertise and its effect on
perception to date in the wine and beer industry, see (Honoré-Chedozeau et al. 2019). As mentioned in
this work, Tempere and colleagues have found that training can improve detection thresholds of wine-
related odors, and that wine experts perform better than novices at odor detection (Tempere et al.
2011, 2016). While the exact mechanism for improving the odor thresholds through exposure has not
been entirely solved, winemakers have a financial incentive to expose themselves to these odorants



often. Enhancing their perceptual abilities can have direct effect on their success, even if such training is
informal.

In this study we were interested to test whether PA wine professionals would be able to perceive
sensory regionality among wines made from two grape cultivars, as assessed by free sorting. We
hypothesize that wine professionals will sort wines into groups that mirror the wine regions in PA,
similar to profiles found by classical DA (refer to chapter 2).

Methods
Samples

Wine samples assessed in two years were collected from Pennsylvania wineries directly. For the first
year, 13 Riesling wines and 10 Vidal blanc wines were collected, with additional two Riesling and two
Vidal blanc wines from out-of-state for comparison, totaling in 15 Riesling wines and 12 Vidal blanc
wines in year 1. For the second year of analysis, 20 Riesling wines and 18 Vidal blanc wines were
purchased from Pennsylvanian wineries, with two out-of-state Riesling wines and three out-of-state
Vidal blanc wines, totaling in a set of 22 Riesling wines and 21 Vidal blanc wines for the second year. In
both years, wines were also characterized by a trained panel with classical DA (for more information,
see Chapter 2).

Wine regions were defined the same way as the Pennsylvania Winery Association (PWA), along
county lines (see Figure 2.1), leading to six different wine regions — the northeast (NE), north central
(NC), northwest (NW), southeast (SE), south central (SC) and southwest (SW). Table 3.1 summarizes the
locations of each set of wines over the two-year analysis.

Table 3.1. The number of different wines included from each region in Pennsylvania across both years
and varieties.

Regions RI VB RI VB
Year 1 Year 1 Year 2 Year 2

NC 1 -- 2 -
NE 2 -- 1 -
NW 4 3 6 4
SC 2 5 3 6
SE 3 2 8 6
SW - -- -- 2
Outside 2 2 2 3

PA

Year 1

A free sorting task was conducted at two Penn State extension facilities across the state in the spring
of 2018, located in Erie, PA and Breinigsville, PA, with wine professionals that were attending a wine
extension presentation. Sixteen wine professionals (4 female) attended the tasting at Breinigsville and
20 wine professionals (9 female) attended the tasting in Erie, PA, ranging in age from 21 to over 65

years.



Wine professionals were instructed to taste and expectorate each sample, either the full set of
Riesling with 3 blind duplicates (18 wines total) or the full set of Vidal blanc wines with 3 blind duplicates
(15 wines total), and sort them into groups based on similarity. The only explicit instructions were
enforcing grouping, with a minimum of two groups (the whole set could not be in one group), and a
maximum of n-1 groups (at least one group must have 2 or more wines in it). They could re-taste as
needed in order to make their groupings. They were instructed to label each group with a descriptive
title of what made those wines similar. Wine professionals were only given one set of wines during the
session. Presentation order was randomized, and approximately 15 mL of wine was presented in clear
ISO tasting glasses, labelled with random three-digit codes on the glass stem. Glasses were covered with
transparent plastic covers, and wines were poured approximately an hour prior to tasting.

Year 2

A free sorting task was conducted with 24 wine professionals (6 female) who came to Penn State at
University Park, PA for an extension course, ranging in age from 21 to over 65 years. These wine
professionals were given the same instructions as the year before, sorting either the Riesling wines with
two blind duplicates (24 wines total), or the Vidal blanc wines with two blind duplicates (23 wines total).
Presentation order was randomized, and approximately 30 mL of wine was presented in clear ISO
tasting glasses, labelled with random three-digit codes on the glass stem. Wine pours were increased
from 15 mL to 30 mL in the second year based on recommendations from winemakers in year 1. Glasses
were covered with transparent plastic covers, and wines were poured approximately two hours prior to
tasting.

In both years, wine professionals were asked questions about their occupation, what state or part of
PA they worked in, and their tasting habits, and were paid $15 for their participation. All data was
collected on iPads using Compusense Cloud, Academic Consortium (Guelph, Ontario, Canada). The study
was deemed exempt from IRB overview based on exempt category 6 (protocol #8551).

Data Analysis

All analysis was run using R statistical software (version 3.6.1, Boston, MA, USA). Free sorting groups
were analyzed using DISTATIS for each year and variety. This statistical method allows analysis of the
same set of samples (the wines, in this case) to be evaluated by multiple groups (in this instance, the
wine professionals), and then create a plot that weighs each individual for a consensus plot that best
represents the samples based on the individual groupings, without averaging or losing individual data
(Abdi et al. 2012). Barycentric text projection was run on each year and each variety separately as
described by (Lahne et al. 2018). Barycentric text projection includes using contingency tables of codes
to form matrices that are then projected onto the free sorting maps. A detailed description of the theory
behind this process can be found in (Lahne et al. 2018). This process used the DISTATIS and PTCA4CATA
R packages (Abdi et al. 2007, http://github.com/HerveAbdi/PTCA4CATA).



Results
Wine Professionals

Wine professionals were defined by this study to be those interested in attending extension
workshops put on by Penn State that were focused at the wine industry. Wine professionals in
attendance between both years was 60 in total, with 36 the first year, and 24 the second year. The
range of age and time in the industry was wide, with ages ranging from 21-24 (3) to over 65 (9). Time in
the industry also varied, with some having less than one year in industry (3), and others being in industry
over 20 years (9). Wine professionals also ranged in region, with all six Pennsylvanian wine regions being
represented, though the North West (19) and South Central (14) being the most represented (the Erie,
PA and Breinigsville, PA workshops were heavily attended by professionals of these regions
respectively).

Descriptor words

Descriptors for each group provided by wine professionals were pre-processed by correcting spelling
errors and separating each code into individual ideas. The words were then coded by three independent
coders. These coders then discussed and analyzed the three coding schemes and agreed upon one
scheme collectively. Due to the high number of descriptors and codes, a cut-off was used when
projecting the words onto the sorting plots via barycentric text projection. Individual frequency plots of
coded terms were constructed based on how many times they were used for a specific year and variety,
and a drop in term use was found at 20 times. Therefore, terms were kept if they were used at least 20
times per year and variety.

Descriptor words that had both intensity and quality attributes were given multiple codes, for
example, “Smells bad” would be coded “Aroma” and “Bad”, and “Slight Floral” would be coded
“lowintensity” and “floral”. This caused general words such as “Aroma” and “Flavor” and certain
intensity codes to appear on the text projection maps. The codes for Sweetness and Acidity were,
however, coded with their intensities. These attributes were found to be of importance in the
descriptive analysis in separating the wines, and therefore, were combined with their intensity
moderators to form a single code. For example, “moderate acidity” was coded as “acid/med”, and
“sweetest” was coded as “sweet/high”. Other codes were given multiple codes if they indicated multiple
ideas. For example, “Citric” indicated both an acid component, and a citrus/fruity component, giving it
both an “Acid” code and a “Fruity” code. A table of the words used by wine professionals used to make
up each code used in analysis is given in the appendix (Appendix Table 1).

Free Sorting

Analyzing sorting data includes calculating co-occurrence matrices based on how many times one
sample was sorted into the same group with every other sample. These matrices were projected into a
two-dimensional space and plotted, so that wines that appear close together were grouped together
more than wines further apart using the first two dimensions. Ninety-five percent confidence intervals
were then plotted via bootstrapping around these consensus positions, and the resulting maps are
shown in Figure 1A-D.

Among the two years and two varieties, the first dimension explained 23%-35% of the total variance
in sorting, and the second dimension explained 7%-11% of the total variance. Blind duplicates, indicated



by stars in Figure 1A-D, were generally positioned close together, showing consistency in the sorting
tasks. Among the four plots, the Riesling replicates from the southeast in year 1 (Figure 2 A) were
furthest apart, however this difference only affected one dimension, as the points were closely related
on the Y axis.

In the first-year sorting of Riesling wines (Figure 1A), the plot seemed to divide into a sweet-dry x-
axis, and somewhat towards a good-faulty y-axis. the southeast wines grouped close to the descriptor
“dry”, and were close to each other along the x-axis, though spread along the y-axis. The northwest
Rieslings were slightly more scattered, with two samples grouping together close to the descriptor
“sweet”, while the other two wines from the northwest were spread on the x axis. The non-
Pennsylvanian wines were positioned together near the “good” descriptor. Of the other regions shown,
the north central wine grouped closely to the southeast wines near the “dry” term, and the south
central wines were spread, with one grouping with the “dry” term and the southeast wines, and the
other trending towards the “faulty/off” term. The northeast wine, in replicate, was positioned close to
the northwest wine grouping, close to the terms “sweet” and “fruity”.

In the first year sorting of Vidal blanc wines (figure 1B), the plot seemed to be driven again by a
sweet-dry x-axis, however the y-axis separation is unclear, ranging from “sweet” and “dry” in the
negative dimension to “acid” and “sweet/med” in the positive dimension. In this plot, the southeast
wines were very spread across all quadrants of the map, in contrast to their grouping in the first year
Rieslings. The northwest wines were grouped closely along the x-axis in the “sweet” dimension. The
south central wines were positioned very close together in this plot, towards the “dry” term. The non-
Pennsylvanian wines were not positioned very closely in this plot, though they were all in the positive
dimension of the y-axis.

In the second year sorting of Riesling wines (figure 1C), the x-axis, while explaining the majority of
the variation, was not well defined, though it seemed to be separated by an extremely positive “dry”
and “acid” dimension, while “fruity” was slightly negative. The y-axis was driven by a “dry” and “fruity”
positive axis, and a “bad” negative axis. The southeast region grouped mainly to the positive “dry” x-
axis with one notable exception, however, they were quite variable on the y-axis. The northwest region
was mainly defined by the “fruity” and “appearance” codes on the positive side of both axes, with one
exception. The two north central wines grouped very closely together on the negative side of the x-axis,
in opposition to “dry” and “acid”. The south central wines were grouped in the exact opposite side to
the north central, grouping closer to the “dry”, “acid”, and “appearance” codes. The non-Pennsylvanian
wines were not positioned very close together, and the one northeast wine was positioned close to the
north central wines, in the negative portion of the x-axis.

In the second year sorting of Vidal blanc wines (figure 1D), the x-axis was again a sweet-dry axis,
though in this plot “sweet” and “dry” were also partially driving the y-axis, with the y-axis being
additionally driven by “fruity” and “low intensity” on the negative side, and “faulty/off” and “bad” on
the positive side. Here, the southeast wines have very little grouping, appearing all over the map. The
northwest wines, however, were grouped very closely together on the “sweet” side of the x-axis, but the
“fruity” “low intensity” “dry” side of the y-axis. The south-central wines were not very close in position
to each other in this graph. The southwest wines were grouped on the positive dimension of the y-axis,
which was attributed with “bad” and “faulty/off”. The non-Pennsylvanian wines grouped on the x-axis of
this graph, but ranged in y-axis.



Overall, some grouping based on region exists, but it is not distinct. The northwestern wines seem
to be generally close together across all graphs, consistently trending towards the sweeter and fruitier
dimensions. The southeast wines have some grouping in the Riesling wines towards the drier
dimensions, but this grouping is not mirrored in the Vidal blanc wines, which were quite variable. The
south-central region wines group very closely in all but the second year Vidal blanc wines, and trend
towards the dry regions. There does not seem to be a trend with the non-Pennsylvanian data. In the one
year where more than one north central wine was included (year 2 Rl), there was consistent grouping,
but attributes did not seem consistent between years, as the first year wine trended towards “dry”, and
the second year wines were directly opposed to the “dry” term. However, it is important to note that
these were all described by different wine professionals, so the concept of the codes (“sweet”, “dry”,
“acid”, “fruity”, “faulty/off”, “bad”, etc.) may be slightly different in each graph.

Wine professionals seemed to sort wines similar to the profiling from the descriptive analysis panel,
showing that they did find some difference between wines. Like the descriptive analysis on these wines,
the northwest region groups together consistently towards the fruity and sweeter dimensions, with only
a few outliers. The southeast Rieslings did group together in the first year and second year, again,
mirroring the DA results. However, in the sorting, as compared to the descriptive analysis, the south-
central group was more distinct, with consistently dry wines.

The concepts used to separate these wines were mainly based on differences in sweetness or
dryness, goodness or badness, the existence of faults, the qualities of smell or flavor, and their
intensities. This can be seen in the sorting maps, with three of the four years being separated along the
dichotomy of “dry” and “sweet” (Year 2 Rieslings did not have the word “sweet”), mainly appearing in
the first dimension, but in some cases driving the second dimension as well.

The “faulty/off” code was found in every plot. This result makes sense, as there was no screen for
faulty wines, and wine professionals often judge wines based on the presence or absence of certain
known “faults” in daily practice, and so are trained for these aromas over others. The frequency of this
code may also be due to the coding method used. When a term that is frequently used as a wine fault
was used by a wine professional (i.e. Oxidized, Burnt Rubber, Plastic, Garlic), this description would
receive two codes — the code based on the descriptor itself as well as the faulty/off code. For example, a
wine described as “Oxidation” would get an “oxidized” code as well as the “faulty/off” code.

The “fruity” term also appeared in every plot, indicating that this concept was important to the
wine professionals. This makes sense when evaluating white wines, which often elicit fruity sensations,
though Riesling is not particularly known for its fruity notes, but rather for floral aspects (Jackson 2009).
This may be due to the expectation that white wines will be fruity, or that wines are often described by
different fruits, and less frequently described by flowers (i.e. “strawberry” is much more common in
tasting notes than “rose”). Acid also appeared in every plot, which is congruent with the descriptive
analysis which found significant differences in sourness between wines. This code was found
independent of sweetness and dryness, showing that wine professionals find these to be separate
constructs, and important to note in describing wines.

In three of the four plots, a value judgement code appeared (either “good” or “bad”, with year 1 VB
having neither). This was not expected, as wine professionals are often cited for using less hedonic
judgements in their descriptions (Croijmans and Majid 2016, Honoré-Chedozeau et al. 2019, Hopfer and
Heymann 2014). However, this may be due to the existence of faults (i.e. “bad” = “faulted”), and in the



three plots, “faulty/off” and “bad” appear extremely close together, or “faulty/off” and “good” are
directly opposed. These “good” and “bad” terms may also be the result of this group of wine
professionals — Pennsylvanian wine professionals may have had starts in other industries, or do not have
the resources for training, and thus rely on different vocabularies than wine professionals in more
developed and established wine growing areas. A needs-survey from 2014 in the PA wine industry
shows that winemakers indeed do not consider themselves trained professionals, but instead as
hobbyists or experienced (those not formally trained but having some years of experience in the

industry) (Gardner et al. 2018). Therefore, wine professionals in PA may have a different vocabulary
than those in more well-known regions.
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Figure 1 A-D. Distatis plots of sorted wines separated by variety and year Year 1 Riesling (A), Year 1
Vidal blanc (B), Year 2 Riesling (C) and Year 2 Vidal blanc (D). Regions are colored as shown by the map
of Pennsylvania. Stars indicate blind duplicates. Codes projected were used 20 or more times.



Discussion

Comparing the free sorting maps (Figure 1) to the descriptive analysis results similar groupings are
found, indicating that Pennsylvanian wine professionals can perceive differences in aroma, taste, and
flavor aspects of the assessed wines similar to those of the trained panel. We also see that the wine
professionals showed less discrimination between their samples. This was expected, as free sorting tasks
do not show as detailed results as those from a DA due to conceptual differences between the tasks,
and the fact that attributes are not directly quantified (Cartier et al. 2006, Chollet et al. 2014, Courcoux
et al. 2015). Additionally, these differences may have been found due to the (i) lack of training and
group alignment with regards to descriptors, (ii) varied experience of the wine professionals in
attendance, in occupation, years in industry, as well as wine evaluation practice, and (iii) possible fatigue
of the participants due to the high number of samples (from 15-23 wines).

Despite the differences in professional experience, ranging from less than one year to over 25 years
in the industry, as well as the wine professionals’ spread over all six of the PA wine regions, no grouping
among wine professionals was found. This was surprising, as previous work indicates that wine
professionals are better in differentiating and are more familiar with wines from the region where they
work (Grohmann et al. 2018). Smaller sample sizes of assessors may have washed out any potential
regional familiarity effect for the wine professionals, indicating that a more extensive study with wine
professionals sampling multiple sets of the same wines over a few days could allow for inter-panelist
comparisons. There also may be a lack of familiarity as a result of working in an emerging wine region
such as Pennsylvania, where wine professionals may be more familiar with wines other than their own
due to accessibility of training and resources within the state. In the needs assessment study mentioned
above, along with the varied amount of formal training, winemakers reportedly gained most of their
information from each other, more than any formal professional development (Gardner et al. 2018).
Therefore, the nature of wine-specific education received (the quality of formal and informal
instruction) may vary extensively from professional to professional within the industry, which may be a
confounding factor to any regional or experiential differences.

The words and concepts used by participants were often used to compare wines within a set —
words like “sweeter”, “more”, and “less than” occurred often. Additionally, congruence was difficult to
assess -for example, some wine professionals use the word “dry”, while others use the word “sweet”.
“Dry” and “Sweet” are often considered opposites, such as in Wine Tasting: A Professional Handbook
(Jackson 2009), however “dry” may denote other side-qualities (such as astringency, bitterness,
sourness, or lack of fruity aroma), and therefore may not be completely congruent with “not sweet”.
Without formal training the meaning of the word “dry” may be confusing in itself, as it often is in
popular opinion (Teague 2019). Further work could include interviews or focus groups with
Pennsylvanian wine professionals, to better understand how they use language to describe wines, and if
this use is consistent. It is also interesting to note that the language used by wine professionals referred
to characteristics of wine commonly attributed to winemaking practices — such as amount of residual
sugar and faults — instead of more descriptive characteristics describing aroma and flavor, which can be
more attributable to the grapes themselves.

Participants used iPads to give responses. Researchers observed some panelists having difficulty
typing on these devices, and group names may have been more comprehensive if using other methods
of data collection. As (Lahne et al. 2018) mentioned, check-all-that-apply (CATA) descriptors may also be



useful in future studies. In past literature, lists of descriptors have been used instead of or adjacent to
free word generation during sorting (Fleming et al. 2015, Lelievre et al. 2008), and this method may be
more applicable or easily performed when using small sample sizes or when one is unable to run
replicates, as was true with this study.

There was no outright mention of regions by the wine professionals. While there may have been
separation by region, it was not acknowledged as such. Even though colloquially these differences are
discussed, they are most likely not linked to specific descriptors because a lack of information, data, or
collective agreement upon how PA wine regions differ. This work should be followed by a guided sorting
task asking winemakers to sort wines by region to find if these regions are known by wine professionals.
If wine professionals are told to sort the wines by PA region, they may group the wines differently. This
guided sorting would give more insight into what PA wine professionals think of each region in the state,
and what they think represents wines from a certain region.

Conclusions

This research provides evidence that the free sorting task mirrored the descriptive analysis data,
finding that some regionality may exist in Pennsylvania wines. However, there is not enough evidence to
conclude that the regions were acknowledged or recognized by wine professionals. Further studies
could use informed sorting tasks in order to see if PA wine regions are recognized, specifically the
northwest, south central, and southeast, which appeared to show semi-distinct regional profiles.
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Appendix
Table 2. Number of times codes were used by wine professionals to describe wines separated by year and

variety.

Frequency
Code RI VB RI VB
Year 1 Year 1 Year 2 Year 2
Acid 27 22 30 22
Aftertaste -- 20 -- --
Appearance -- -- 24 --
Aroma 62 22 25 71
Bad -- -- 31 31
Dry 36 49 21 23
Faulty/Off 70 27 67 64
Flavor 20 -- -- 25
Fruity 35 27 27 36
Good 26 -- -- --
Lowintensity 47 37 -- 25
Sweet 23 53 -- 44
Sweet/Med -- 40 -- --

Table 3. Words used by winemakers, coded by independent coders. Note that some words were

given multiple codes.

Codes Winemaker Words

Acid Sour; Sour Acids; Acidic; Acidity; Tart; Citric

Aftertaste Aftertaste

Appearance Color; Golden

Aroma Smell(s); Nose(s); Aroma; Aromatic(s); Odor; Malodorous

Bad Awful; Unpleasant; Smells; Not Commercially Viable; Not Commercially Acceptable;
Rough Nose and Taste; Beyond Tolerance; Didn’t Care For; Hard to Drink; Yuk

Dry Dry; Drier; Dryish

Faulty/Off Not Commercially Viable; Flawed; Fault(s); Faulty; Faulted; Defected; Brett;
Acetaldehyde; Off; Corked; Reduction; Skunky; Plastic; Near Vinegar; Oxidation;
Solvent; Chemical; Rubber; Malodorous; Something odd going on

Flavor Taste(s); Flavor(s)

Fruity Fruit; Fruity; Apple; Green Apple; Citrus; Citric; Pear; Melon; Raisins; Stonefruit

Good Pleasant; Nice Wine; Really Nice; Favorite(s); Great; Winner Winner Chicken

Lowintensity

Sweet
Sweet/Med

Dinner; Good; What | would Drink; Nice All Over

Little; Watery; Mellow; Less Taste; Watered Down; Light; Lighter; Less Intense; Flat;
Not as much aroma; Nondescript; Lean; Weak; Mild; Milder; Slight Bland; No
Substantial Flavor

Sweet; Sweetness

Medium Sweet; Some RS; Semi-sweet; Not too Sweet






